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osting by EAbstract The aim of this study was to evaluate the effect of different periods of ovary preservation
at 25–30 C for 5, 6, 7, 9, 12 and 24 h on recovery rate and oocyte categories of dromedary camel
oocytes. Camel ovaries were collected from El-Bassatein slaughterhouse, Cairo. The collected ova-
ries were placed immediately after slaughtering into thermos in saline solution (0.9% NaCl) supple-
mented with antibiotics (100 IU penicillin and 100 lg streptomycin/ml) at 25–30 C and transported
to the laboratory within 4–5 h. Ovaries were washed three times with warmed (30 C) phosphate
buffer solution (PBS) and one time with ethanol (70%). All visible follicles on the ovarian surface
(2–8 mm in diameter) were counted. Oocytes were aspirated using a 20-gauge hypodermic needle.
Oocyte yield was recorded and the number of oocytes/ovary was calculated. Oocytes were classiﬁed
into ﬁve categories (compact, partial denuded, denuded, shrunken and cleaved oocytes). Results
show that average number of follicles on each ovary was not signiﬁcantly affected by preservation
period, although tended to reduce only after 5 h of ovary preservation. However, this number was
insigniﬁcantly reduced by increasing period of ovary preservation more than 5 up to 24 h. Average
number of oocytes on each ovary was signiﬁcantly (P< 0.05) reduced only between 5 and 6 h of
ovary preservation. Average number of oocytes showed higher reduction rate between 5 and 6 h
from 12.4 to 9.3/ovary as well as between 9 and 12 h. Oocyte recovery rate showed insigniﬁcant
decrease from 88.1% at 5 h to 78.6% at 9 h of preservation. However, it showed signiﬁcant
(P< 0.05) reduction to 62.0% between 9 and 12 h, then insigniﬁcantly decreased to 58.6 at 24 h
of preservation of the ovaries. Frequency distribution and recovery rate of each category was the
highest for compact oocytes and the lowest for cleaved oocytes at all periods of preservation.m (Sh.M. Shamiah).
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232 E.A. Abdel-Khalek et al.Increasing preservation period signiﬁcantly (P< 0.05) decreased frequency distribution of compact
and cleaved oocytes, while increased frequency distribution of partial denuded, denude and shrun-
ken oocytes.
It might be concluded from the present results that the preservation of dromedary camel ovaries
at 25–30 C for 5–6 h was effective for maintaining the oocytes quality and recovery rate compared
with the other preservation periods.
ª 2010 King Saud University. All rights reserved.1. Introduction
Application of assisted reproduction technologies in camelids,
such as artiﬁcial insemination and embryo transfer, has been
slow in comparison to that for other livestock species. There
is relatively limited available information on follicular growth
and maturation in camels, and very little information on cam-
elid oocyte physiology and oocyte maturation (Gomez et al.,
2002). In Egypt, there are few attempts to establish in vitro fer-
tilization (IVF) techniques in dromedary camel (Abdoon,
2001; Ali and Abdel-Razek, 2001; Torner et al., 2003; Mah-
moud et al., 2003; El-Harairy et al., 2007).
In Mare, Del Campo et al. (1995) held ovaries at 30–35 C
for either 3–9 h or from 10 to 15 h. They found no differences
detected between treatment groups when comparing nuclear
maturation rates. In equine ovaries, Guignot et al. (1999) also
studied the effect of time during transport on oocyte recovery
rate and quality following in vitro maturation (IVM). Excised
mare ovaries were stored for either 1.5–4 h or 6–8 h at 37 C.
There was a tendency of oocytes with intact cytoplasmic mem-
branes to be more from ovaries stored for only 1.5–4 h as com-
pared with those stored for 6–8 h.
However, Love et al. (2003) found that oocytes stored with-
in ovaries of mares at room temperature for 15–18 h were less
capable of maturing (27%) than control oocytes (72%) that
were aspirated immediately after slaughter. Recently, Hanna
et al. (2008) found in canine that a greater proportion of viable
oocytes after transport when halved tracts (ovary surrounded
by an intact bursa and adjacent uterine horn) were stored at
37 C compared with 20 C (P< 0.0001). In contrast, there
was no signiﬁcant difference between excised ovaries stored
at 37 or 20 C (P= 0.15).
The aim of this study was to evaluate the effect of different
periods of ovary preservation at 25–30 C for 5, 6, 7, 9, 12 and
24 h on recovery rate and oocyte categories of dromedary
camel oocytes.2. Materials and methods
This study was carried out at the Laboratory of Animal Phys-
iology and Biotechnology, Animal Production Department,
Faculty of Agriculture, Mansoura University during the
period from February to July, 2008.
2.1. Ovaries collection
Dromedary camel ovaries (145 ovaries) were collected from El-
Bassatein slaughterhouse, Cairo, located at distance of 150 km
from the laboratory. The reproductive history of the slaugh-
tered animals was unknown. The collected ovaries were placed
immediately after slaughtering into thermos in saline solution(0.9% NaCl) supplemented with antibiotics (100 IU penicillin
and 100 lg streptomycin/ml) at 25–30. Thereafter, all col-
lected ovaries were transported to the laboratory within 4–5 h.
2.2. Ovaries preservation
Ovaries were preserved immediately after slaughtering at 25–
30 C for 5, 6, 7, 9, 12 and 24 h into thermos in saline solution
(0.9% NaCl) supplemented with antibiotics (100 IU penicillin
and 100 lg streptomycin/ml) (El-Harairy et al., 2007).
2.3. Ovaries washing
In the laboratory, the excessive tissues were excised from the
ovarian stalk and the ovaries were washed three times with
warmed (30 C) phosphate buffer solution (PBS) supple-
mented with antibiotics (100 IU penicillin and 100 lg strepto-
mycin/ml) to remove adhering tissues and clotted blood. Then
all ovaries were quickly washed one time with ethanol (70%)
to remove any contamination on the ovarian surface.
2.4. Preparation of harvesting medium
Phosphate buffer solution (PBS) as a harvesting medium was
prepared according to Gordon (1994).
About 2 mg/ml of bovine serum albumin (BSA) was added
to PBS. The pH value of the solution was adjusted to 7.2–7.4
using pH-meter and to osmolarity of 280–300 mosmol/kg
using osmometer (Osmett A, Model 5002, Fisher Scientiﬁc,
Pittsbury, PA, USA). Then, the solution was ﬁltered by
0.22 lm millipore ﬁlter.
2.5. Oocyte collection and recovery rate
All visible follicles on the ovarian surface (2–8 mm in diameter)
were counted. Oocytes were aspirated using a 20-gauge hypo-
dermic needle attached with a sterile disposable 5 ml syringe
containing 2 ml harvesting medium (PBS). After aspiration,
contents of syringe were placed into Petri dish containing
3 ml of PBS for searching oocytes under stereomicroscopy.
Oocyte yield was recorded and the number of oocytes/
ovary was calculated. Oocyte recovery rate (RR%) was deter-
mined using the following formula: RR= (number of recov-
ered oocytes/number of follicles) · 100.
2.6. Oocyte categories
After collection, oocytes were washed three times in harvesting
medium, counted, evaluated under inverted microscope and
classiﬁed into ﬁve categories based on their cumulus invest-
ment and evenly granulated dark ooplasm as follows:
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with P4 layers of complete cumulus cells and evenly
granulated dark ooplasm.
(2) Partially denuded oocytes with incomplete surrounding
cumulus cells.
(3) Denuded oocytes without cumulus cells and covered only
by zona pellucida.
(4) Degenerated oocytes with ooplasm shrunken away from
the zona pellucida or not evenly ﬁlling the zona
pellucida.
(5) Fragmented oocytes with 2 cells, 8–16 cells or more.
2.7. Statistical analysis
The obtained data were analyzed using general linear model of
SAS (1996), while differences among the treatment means were
performed using Duncan Range Test (Duncan, 1955). The per-
centages values were adjusted to arcsine transformation before
performing the analysis of variance. Mean were presented after
being recalculated from transformed values percentages. Level
of signiﬁcance was set at P< 0.05.
3. Results and discussion
3.1. Effect of ovary preservation period on number of follicles
Results presented in Table 1 show that average number of fol-
licles on each ovary was not signiﬁcantly affected by preserva-
tion period. However, this number tended to reduce
insigniﬁcantly by increasing period of ovary preservation more
than 5 up to 24 h.
It is of interest to note that average number of follicles gen-
erally decreased between 5 and 24 h. The observed reduction in
number of ovarian follicles in camels by increasing period of
ovary preservation may by attributed to gradual degeneration
of pre-antral follicles after slaughtering.
The average number of follicles decreased between 5 and
7 h (14.1–10.9), however this number of follicles showed ﬂuctu-
ated trend between 9 and 24 h (Table 1).
In comparable with the present results, El-Harairy et al.
(2007) found that lower average number of follicles per drom-
edary camel ovary was 12.7/ovary, regardless site of the ovary
(right or left) and reproductive status (pregnant or not).
The present number of follicles counted on the ovarian sur-
face after 5 h of preservation is in good agreement with Ali and
Abdel-Razek (2001), who found that the average number of
aspirated follicles from camel ovary was 14.17/ovary.Table 1 Effect of ovary preservation period on number of
follicles.
Preservation period (h) Number of ovaries Number of follicles
Total Per ovary
5 37 520 14.1
6 30 358 11.9
7 15 164 10.9
9 17 215 12.6
12 22 245 11.1
24 24 290 12.13.2. Number of oocytes
Average number of oocytes per ovary after different periods of
ovary preservation is shown in Table 2. Results showed that
average number of oocytes on each ovary was signiﬁcantly
(P< 0.05) reduced only between 5 and 6 h of ovary preserva-
tion. However, this number was reduced insigniﬁcantly by
increasing preservation period of ovary from 12 to 24 h.
Average number of oocytes per ovary showed higher reduc-
tion rate between 5 and 6 h from 12.4 to 9.3/ovary as well as
between 9 and 24 h. This reduction may be related to dissoci-
ation of oocytes by prolongation of ovary preservation period
(Table 2). Generally the reduction in average number of oo-
cytes/ovary was higher than that of follicles (Table 1).
In the literature there are wide variations in number of oo-
cytes per camel ovary, being 3.99 (El-Harairy et al., 2007), 5.3
(Mahmoud et al., 2003), 7.64 (Abdoon, 2001) and 6.67 (Ali
and Abdel-Razek, 2001).
Average number of oocytes/camel ovary is inﬂuenced by
the method of oocytes recovery (Alm et al., 1997). The harvest-
ing technique had a signiﬁcant (P< 0.01) inﬂuence on number
of oocytes/ovary, being higher for slicing than aspiration tech-
nique by 55% (El-Harairy et al., 2007) and 41.4% (Abdoon,
2001).
On the contrary with the present results on camel, Guignot
et al. (1999) found that signiﬁcantly fewer mare oocytes were
recovered from ovaries stored for 1.5–4 h compared with those
stored for 6–8 h.
The high number of oocytes/ovary obtained in this study as
compared to others previously reported on camel may be
attributed to the pronounced differences in animal ages, repro-
ductive status, site of the ovary, breeding season and/or their
interactions.
3.3. Oocyte recovery rate
Results in Table 3 reveal that oocyte recovery rate showed
insigniﬁcant decrease from 88.1% at 5 h to 78.6% at 9 h of
preservation. However, it showed signiﬁcant (P< 0.05) reduc-
tion to 62.0% between 9 and 12 h, then insigniﬁcantly de-
creased to 58.6 at 24 h of preservation of the ovaries.
The recorded decrease in oocyte recovery rate with increas-
ing preservation period was mainly associated with the
pronounced decrease in number of follicles on the ovarian
surface (Table 1) and in number of recovered oocytes










5 37 520 458 12.4a
6 30 358 278 9.3b
7 15 164 131 8.7bc
9 17 215 169 9.9b
12 22 245 152 6.9c
24 24 290 170 7.1c
a–c Means denoted within the same column with different super-
scripts are signiﬁcantly different at P< 0.05.
Table 3 Effect of ovary preservation period on camel oocyte
recovery rate (RR).
Collection period (h) Number of RR (%)
Follicles Oocytes
5 37 520 88.1a
6 30 358 77.7a
7 15 164 79.9a
9 17 215 78.6a
12 22 245 62.0b
24 24 290 58.6b
a–c Means denoted within the same column with different super-
scripts are signiﬁcantly different at P< 0.05.
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number of follicles, number of oocytes and recovery rate by
increasing preservation period, in particular between 9 and
24 h, being low for number of follicles, moderate for number
of oocytes and high for recovery rate (Tables 1–3).
Such trend may indicate higher loss in oocytes as a result of
decreasing number of follicles and/or losing oocytes by disso-
ciation within the ovarian follicles by increasing preservation
period.
In dromedary camel, different values of oocyte recovery
rate were reported in the literature. It ranged between
28.35% by aspiration and 37.5% by slicing (El-Harairy
et al., 2007) and 31–94% (Nowshari, 2005).
3.4. Oocyte categories
Results presented in Table 4 show that the frequency distribu-
tion of all oocyte categories was affected by preservationTable 4 Effect of ovary preservation period on frequency distribut
Period (h) Number of oocytes Compact P. den.
n % n
5 458 301 65.7a 44
6 278 150 54.0ab 49
7 131 66 50.4b 28
9 169 82 48.5b 33
12 152 64 42.1bc 34
24 162 55 34.0b 39
a–d Means denoted within the same column with different superscripts are
shrunken).
Table 5 Effect of ovary preservation period on different categories
Period (h) Number Compact P. den.
Ov. Ooc. Total /ov. Total /o
5 37 458 301 8.1a 44 1.2
6 30 278 150 5.0b 49 1.6
7 15 131 66 4.4c 28 1.9
9 17 169 82 4.8b 33 1.9
12 22 152 64 2.9cd 34 1.5
24 24 162 55 2.3d 39 1.6
a–d Means denoted within the same column with different superscripts arperiod. Interestingly to note that compact oocytes showed sig-
niﬁcantly (P< 0.05) the highest frequency distribution, while
the lowest was recorded for cleaved oocytes at all periods of
preservation. Increasing preservation period signiﬁcantly
(P< 0.05) decreased frequency distribution of compact and
cleaved oocytes, while increased frequency distribution of par-
tial denuded, denude and shrunken oocytes.
These results may indicate transformation of compact oo-
cytes to denuded, partial denuded and shrunken oocyte cate-
gories. This ﬁnding was explained by increasing number of
partial denuded, denuded and shrunken oocytes per ovary,
when preservation period was increased from 6 up to 24 h
Table 5).
On the other hand, the marked reduction in frequency dis-
tribution of cleaved oocytes may be due to their degeneration
by increasing preservation period, which was indicated from
the results of decreasing number of cleaved oocytes per ovary
by increasing preservation period (Table 5) and decreasing
number of total recovered oocytes by advancing preservation
period (Table 2).
Ali and Abdel-Razek (2001) found that she-camels pro-
duced more oocytes with 3–5 cumulus layers reaching 60%.
This is lower than the present results for oocyte recovered from
ovaries preserved for 6 h after slaughter. In agreement with the
present results, Rosenkrank (1993) concluded that more oo-
cytes exhibited a greater degree of cumulus cell expansion after
pig ovaries had been held at 20 C during transport to the lab-
oratory compared with oocytes collected from ovaries that had
been held at 30 or 37 C. Also, Wongsrikeao et al. (2005)
stored the ovaries in physiological saline for 0, 3, 6, 9 and
12 h at various temperatures (4, 15, 25 and 35 C). They found
that the storage of ovaries at 25–35 C for 6 h is effective for
maintaining the developmental competence of porcine oocytes
which appear in agreement with the obtained results.ion (%) of oocytes at different categories.
Denuded Shrun. Cleaved
% n % n % n %
9.6b 57 12.4bc 35 7.60d 21 4.6a
17.6a 32 11.5c 36 12.9abc 11 4.0a
21.4a 20 15.3abc 13 9.9bc 4 3.1b
19.5a 27 16.0ab 22 13.0bc 5 3.0b
22.4a 28 18.4a 24 15.8ab 2 1.3c
24.0a 34 21.0a 30 18.5a 4 2.5bc
signiﬁcantly different at P< 0.05 (P. den., partially denuded; Shrun.,
of oocytes as total number or number of oocytes/ovary.
Denuded Shrun. Cleaved
v. Total /ov. Total /ov. Total /ov.
b 57 1.5a 35 0.9 21 0.6a
a 32 1.1b 36 1.2 11 0.4ab
a 20 1.3ab 13 0.9 4 0.3bc
a 27 1.6a 22 1.3 5 0.3bc
ab 28 1.3ab 24 1.1 2 0.1c
ab 34 1.4ab 30 1.3 4 0.2bc
e signiﬁcantly different at P< 0.05 (Ov., ovary; Ooc., oocytes).
Table 6 Effect of ovary preservation period on recovery rate of oocytes at different categories.
Period (h) Number Oocyte category
Compact P. den. Denuded Shrun. Cleav.
Fol. Ooc. n % n % n % n % n %
5 520 458 301 57.9a 44 8.5c 57 11.0ab 35 6.7b 21 4.0a
6 358 278 150 41.9b 49 13.7b 32 8.9b 36 10.1a 11 3.1ab
7 164 131 66 40.2b 28 17.1a 20 12.2a 13 7.9ab 4 2.4bc
9 215 169 82 38.1b 33 15.3ab 27 12.6a 22 10.2a 5 2.3bc
12 245 152 64 26.1bc 34 13.9b 28 11.4ab 24 9.8ab 2 0.8c
24 290 162 55 19.0c 39 13.4b 34 11.7ab 30 10.3a 4 1.4a
a–c Means denoted within the same column with different superscripts are signiﬁcantly different at P< 0.05 (Fol., follicles; Cleav., cleaved).
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In similar trend to that of the frequency distribution of each
oocyte category, recovery rate of all oocyte categories were sig-
niﬁcantly (P< 0.05) affected by preservation period. The
highest signiﬁcant (P< 0.05) recovery rate was recorded for
compact oocytes and the lowest for cleaved oocytes at all peri-
ods of preservation. Recovery rate of compact and cleaved oo-
cytes signiﬁcantly (P< 0.05) decreased, while that of partial
denuded, denuded and shrunken oocytes non-signiﬁcantly in-
creased (Table 6).
In conclusion, the preservation of dromedary camel ovaries
at 25–30 C for 5–6 h was effective for maintaining the oocytes
quality and recovery rate compared with the other preserva-
tion period up to 24 h.
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